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ABSTRACT
Proxima Centauri is an M dwarf approximately 15,000 AU from the Alpha Centauri binary, comov-
ing and likely in a loosely bound orbit. Dynamic simulations show this configuration can form from
a more tightly bound triple system. As our nearest neighbors, these stars command great interest
as potential planet hosts, and the dynamics of the stars govern the formation of any planets within
the system. Here we present a scenario for the evolution of Alpha Centauri A and B and Proxima
Centauri as a triple system. Based on N-body simulations, we determine this pathway to formation
is plausible, and we quantify the implications for planet formation in the Alpha Centauri binary.
We expect this formation scenario may have truncated the circumstellar disk slightly more than a
system that formed in the current configuration, but that it most likely does not prevent terrestrial
planet formation. We simulate planet formation in this system and find that in most scenarios, two
or more terrestrial planets can be expected around either Alpha Centauri A or B, orbiting in a region
out to approximately 2 AU, assuming planetesimals and planetary embryos are able to first form in
the system. Additionally, terrestrial planet formation and stability in Proxima Centauri’s habitable
zone is also plausible. However, an absence of planets around these stars may be indicative of highly
disruptive stellar dynamics in the past.
Subject headings: stars: individual (Alpha Centauri A and B, Proxima Centauri) — stars: kinemat-
ics and dynamics — planets and satellites: dynamical evolution and stability —
planets and satellites: formation — methods: numerical — planets and satellites:
terrestrial planets — protoplanetary disks — binaries — planetary systems —
1. INTRODUCTION
Our nearest neighbor, the M-dwarf Proxima Centauri,
is thought to be tenuously bound to the Alpha Cen-
tauri binary, forming an extremely wide triple system; al-
though measurements are not precise enough to constrain
the orbit, its proximity to Alpha Centauri along with
its comoving velocity would be very unlikely in a pass-
ing, unconnected star (Wertheimer & Laughlin 2006). A
detailed study of triple system dynamics (Reipurth &
Mikkola 2012) hypothesized that the three stars could
have formed closer together, as part of a single system,
and that dynamical interactions between them could
then have led to Proxima’s near-ejection onto its current
highly eccentric path.
There has also been significant interest in the possibil-
ity of planets in the Alpha Centauri system. As our near-
est neighbors, these stars represent the best candidates
for in-depth study, as well as the most likely target for
a search for biomarkers or any distant future interstellar
contact if habitable planets were to be found there. A hot
Earth-sized planet has been reported around Alpha Cen-
tauri B (Dumusque et al. 2012), although the detection
has been disputed (Hatzes 2013; Rajpaul et al. 2016).
Other observational studies have ruled out the possibil-
ity of giant planets in the system (Demory et al. 2015;
Endl et al. 2001) and put constraints on the detectability
of planets within the system (Endl et al. 2015; Eggl et al.
2013; Guedes et al. 2008).
The gravitational forces of multiple stars introduce ad-
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ditional complications for planetary formation; however,
the prevalence of stellar multiplicity means it is criti-
cal to understand such systems if we are to understand
planet formation in the Universe as a whole (Thebault &
Haghighipour 2014). Although planet searches initially
avoided binaries due to their additional complications as
observational targets as well as the reduced likelihood of
planet formation in their more turbulent dynamical en-
vironments (Eggenberger & Udry 2010), many planets
have now been discovered in binary systems, including
a multiplanet system in the binary 55 Cancri (Fischer
et al. 2008). In some cases, planet searches discovered
both a planet and a previously unknown companion star
(Mugrauer & Neuha¨user 2009). A planet has also been
detected in 16 Cygni, a triple system consisting of two
Sun-like stars and a red dwarf, similar to Alpha Centauri
except that here the smaller star is part of the inner bi-
nary (Cochran et al. 1997).
In addition to the multiple systems we see today, it is
likely that even more stars were members of such sys-
tems when they formed. There is evidence to suggest
many, if not most, stars form in bound multistellar sys-
tems which then eject members until they reach stable
configurations, resulting mostly in singles and binaries
but occasionally in higher-multiplicity systems (Reipurth
et al. 2010; Goodwin et al. 2007; Reipurth et al. 2014).
This is consistent with the lower multiplicity rates of
smaller stars, as they are more easily ejected than mas-
sive stars. The consequences of “fly-by” interactions be-
tween stars have been studied (Li & Adams 2015), but
multiple bound stars have different outcomes, as they
repeatedly interact over multiple orbits. The protoplan-
ar
X
iv
:1
60
7.
03
09
0v
2 
 [a
str
o-
ph
.E
P]
  2
2 A
ug
 20
16
2 Worth & Sigurdsson
etary disks around these stars, from which planets will
eventually form, may be truncated or disturbed during
these stellar interactions (Quintana et al. 2007).
Several groups have made theoretical studies of the
disk or planet stability (Jang-Condell 2015; Rafikov
& Silsbee 2015b,a; Mu¨ller & Kley 2012; Popova &
Shevchenko 2012; Payne et al. 2009; Artymowicz &
Lubow 1994) and formation environment (Xie et al. 2010;
The´bault et al. 2009, 2008; Guedes et al. 2008; Barbieri
et al. 2002; Quintana et al. 2002; Wiegert & Holman
1997) in Alpha Centauri. However, most of these stud-
ies assume the stars were in their current orbits. If Al-
pha Centauri exchanged energy with Proxima Centauri
to allow the latter to reach its current orbit, the Alpha
Centauri binary would have lost energy in the process,
altering its own orbit as well. These interactions typi-
cally take place soon after the stars’ formation, as does
the formation of any circumstellar disks and protoplanets
within them. Therefore, such interactions could have sig-
nificant consequences for our assumptions about planet
formation in this system. In The´bault et al. (2009), the
possibility of wider initial orbits was examined in the
context of formation in a cluster, finding that initially
wider orbits could improve the ease of formation of plan-
etesimals.
In this work, we seek to characterize the limits of the
dynamical history of the Alpha Centauri star system,
with particular interest in how it may affect any planet
formation within that system. We will assume Proxima
Centauri is on an eccentric, bound orbit, and that its cur-
rent position at around 15,000 AU from the Alpha Cen-
tauri binary is likely in the long, slow, portion of its orbit
relatively near apocenter. We constructed a large popu-
lation of triple systems that could evolve into the current
arrangement and simulate their interactions, looking for
examples of Proxima (a.k.a. Alpha Centauri C) ending
up on a wide, highly eccentric orbit. We examine two
limiting cases: all stars at their present masses, so that
A and B significantly outweigh C, thus minimizing the
effects any energy exchanges have on the binary; and an
equal-mass case which assumes that all three stars ini-
tially grew at similar rates, but that C was ejected when
mass was still accreting and all three stars were its size
(0.123 M), maximizing the effects on the binary system.
This puts bounds on the amount by which the binary or-
bit could possibly change. Ultimately, we seek to under-
stand whether planets may be present in Alpha Centauri,
at what locations, and with what mass. The evolution
of Proxima Centauri can affect this, but the effect could
range from trivial to quite substantial depending on tim-
ing, so we bracket the range of possibilities to consider
the range of outcomes.
2. SIMULATIONS
2.1. Numerical Method
We performed suites of simulations in three different
regimes to explore different stages of the system’s evo-
lution: three-body simulations of just the stars, simula-
tions of two or three stars with a disk of test particles,
and planetary formation simulations within a stellar bi-
nary system. These regimes are laid out in Table 1 for
clarity. For all three, we used the hybrid symplectic N-
body code mercury (Chambers 1999), which was de-
signed for use on systems with a single, dominant cen-
tral mass object. In some cases, a binary system will
break the assumptions underlying the integration scheme
and cause errors. By design, the first two regimes ex-
plored avoid these issues, in the first case due to the
well-separated hierarchical nature of the systems, and in
the second by the use of test particles. In order to cor-
rectly simulate planetary formation in a binary, however,
we used a version of the hybrid symplectic integrator that
has been modified for wide binary systems, as described
in Chambers et al. (2002) and used in Quintana et al.
(2002).
Our first regime follows the methods of Reipurth &
Mikkola (2012) to examine the three-body interactions
of Alpha Centauri A and B and Proxima Centauri in
1,522 randomized simulations. We added physics to
mercury’s user module that includes the gravitational
potential of the nascent molecular cloud core from which
the stars form, as in Reipurth & Mikkola (2012). We
omit accretion of gas directly onto the stars, but other-
wise use parameters similar to theirs: 10 M cloud core
mass with a Plummer sphere potential of M/(r2+R2)1/2,
where M is the cloud mass in M, R is the cloud core
radius, 7,500 AU, and r is the distance of the object
in question from the cloud center. The cloud mass dis-
perses linearly over 440,000 years. In addition, because
of the very large spatial separations involved, we included
Galactic tidal forces using code provided by Dimitri Ve-
ras, as described in Veras & Evans (2013). The modifi-
cation described in Worth et al. (2013), which improves
the criteria for determining when an object impacts the
central body, was also included but is generally not sig-
nificant for simulations which do not involve satellites.
Simulations were initially run for 103 years, then
checked for ejections. If none were found, the stop time
was increased by an order of magnitude and the simu-
lation was resumed. This process was repeated up to a
simulation length of 109 years. Systems surviving the
full length were then counted as “surviving” if the eccen-
tricities of each object were less than 1.0, i.e. the stars
were on bound ellipsoidal orbits. The simulation does
not count stars as “ejected” until they go beyond some
outer bound, which was set to 100,000 AU to allow for
the large orbits desired, so it is possible for objects to
be on ejection orbits but not yet counted as “ejected.”
It was also possible for stars to have orbits with apoc-
enters greater than 100,000 AU, in which case they were
falsely counted as ejected while still stable; however, at
this scale we expect the orbit would be quickly destabi-
lized by Galactic tides if it were integrated further.
Also note, the orbital parameters output by mercury
assume all orbits are with respect to the designated “cen-
tral” object, which is not the case here. Semimajor axis,
eccentricity, and inclination were calculated separately
for the binary orbit and for C’s orbit with respect to the
binary’s center of momentum, treating the inner binary
as a single companion mass. This does not account for
the gas cloud potential; because of this, calculations of
initial orbital parameters give seemingly unphysical re-
sults such as eccentricities greater than one.
In the second regime, we took systems which had ended
resembling the Alpha/Proxima Centauri system today
and repeated them, adding in a disk of test particles
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TABLE 1
Simulation Regimes Used
Regime Simulations Algorithm Cases Features
Stars 1522 hybrid Early Three stars (all 0.123 M))
Late Three stars (1.103, 0.934, and 0.123 M)
Disk 224 hybrid Binary Stars A and B plus disk particles,
Triple Stars A, B, and C plus disk particles
Planets 36 wb various parameter σ0 = {2.8, 3.1} AU,
combinations rtr = {0.3, 1, 3}
Note. — The different sets of simulations presented described in this paper, the number of simulations in each set, and the cases
considered within each. All simulations were performed using a hybrid-symplectic algorithm in mercury, but the planet formation
simulations used a modified version of the algorithm intended for wide-binary systems.
around Alpha Centauri B. This simulation was also re-
peated with the third star removed, so that Proxima’s
effects could be isolated. The parameters used were the
same as for the first regime, except that the larger num-
ber of particles meant it was infeasible to continue the
simulations beyond 10 Myrs. By this point most of the
interactions have already taken place and the systems
are fairly stable. A total of 224 simulations of this type
were performed.
The third regime consists of planet formation simu-
lations in a disk around Alpha Centauri B. Thirty-six
simulations were performed over several discrete values
of truncation radius, disk slope, and disk density. These
simulations represent a later time period, when the three
stars have become well-separated and the gas cloud has
dispersed, so the third star and the user module forces
were omitted, and the wide-binary algorithm was used
(Chambers et al. 2002). These integrations have shorter
time steps (one day) due to the closer object spacing.
In mercury’s hybrid symplectic mode (as used here),
whenever two objects approach each other within a few
Hill radii, the algorithm switches to a slower mode which
more accurately calculates whether the objects collide.
Collisions are simple, perfect accretion. As the detailed
physics of collisions are still a rapidly developing field
with significant uncertainty, and we are interested in the
end state of how the mass groups up rather than interme-
diary details, we consider this simple scheme appropriate
for the scope of this study.
As our computational resources are limited and our in-
terest in planet formation is motivated largely by claims
of planets around Alpha Centauri B, our simulations fo-
cused on planet formation around B and not A. How-
ever, although the two stars are not the same mass, their
masses are similar enough relative to the range of masses
for planet-hosting stars (< 0.1M to > 2.5M). It is
plausible that planet formation processes around Alpha
Cen A and B are closely symmetric and any systematic
differences due to the stellar mass differences in the un-
derlying planet formation processes are likely to be small
(less than a factor of 2) compared to variations in out-
comes due to the variation in disk parameters explored.
Therefore we expect simulations for formation around
one star to be fair predictors of the distribution of likely
planets around the other star, within the scope of this
study and given the uncertainties in the assumptions.
2.2. Stellar Mass Cases
Two different sets of masses were used for the simula-
tions, representing two different scenarios: interactions
at early or late times. In the later scenario, the stars
have already achieved their current masses, with the bi-
nary stars being near a solar mass and Proxima much
smaller. The early interaction scenario is following that
presented by Reipurth & Mikkola (2012), in which the
stars are still accreting mass when Proxima is ejected,
preventing it from accreting as much as its companions.
In this case, all three stars have masses of 0.123 M. Nei-
ther case is intended a perfect representation of the true
physical situation, but they provide outer bounds on the
strength of the interactions, with the reality likely lying
closer to the early case.
2.3. Orbital Parameters
Alpha Centauri A and B and Proxima Centauri are
represented as Alpha Centauri A, B, and C in the simu-
lations, and may be referred to as such in this paper when
talking about the stars in the simulations, as opposed to
the actual physical system.
In mercury’s default mode, a single central body is
chosen, and the other objects are listed as “big” objects
with orbital parameters relative to the central body, al-
though internal calculations are carried out in center-of-
momentum coordinates. Star A is the largest, and was
used as the central object, with Alpha Centauri B in
an orbit around A with parameters randomly generated
within specified ranges: semimajor axis (a) in the range
23.4-28.1 AU, eccentricity (e) between 0 and 0.52, and
zero inclination (i). Parameters were then generated for
C so that it had a pericenter between one and ten times
the apocenter of B. C could have an initial eccentric-
ity between 0 and 0.75, and any inclination. Both stars
were also given random values for the argument of peri-
center (g), longitude of the ascending node (n), and mean
anomaly (M). These parameter ranges were chosen based
on the assumption that the interactions we are interested
in would cause the binary to become tighter while Prox-
ima receded, and that both orbits would likely become
more eccentric in the process. When close encounters
between two objects occur, the simulation switches to
a variable-time step regime with slower processing time
but greater accuracy, and when objects are far apart it
uses a fixed time step, which we set to 10 days. The
close-encounter radius used was three Hill radii.
The binary parameters used are based on Pourbaix
et al. (2002) (MA = 1.105, MB = 0.934) and Pour-
baix et al. (1999) (aAB = 17.57”, e = 0.5179). Prox-
ima’s expected orbital parameters of a near 10,000 AU
or above and e just below 1 are based on the arguments
in (Wertheimer & Laughlin 2006) that it is unlikely for
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Proxima to be seen so near Alpha Centauri in both posi-
tion and velocity unless it is bound, and that given that,
it is most likely eccentric and near apocenter, when it
moves most slowly along its orbit.
Calculation of orbital parameters from the simulations
is done instantaneously based on the system’s energy and
momentum. To calculate the outer third star’s orbit, the
inner binary is treated as a single mass at the binary’s
center of momentum. The equations used are as follows:
a =
−µ
2
(1)
e =
√
1 +
2h¯2
µ2
(2)
i = arccos(
hz
h¯
). (3)
The gravitational parameter µ is the sum of the masses
involved (MA and MB for calculations of the binary pa-
rameters, and all three stars’ masses for the outer star’s
orbit). The specific orbital energy is
 =
v2
2
− µ
r
. (4)
The angular momentum h is the cross product of the
stars’ separation r and relative velocity v, where hz is
the angular momentum in the z direction, and h¯ is the
magnitude of the angular momentum.
2.4. Disk Stability
By adding disks around each of the stars in the inner
binary, we were able to see the influence of the triple-
system interactions on protoplanetary disks in Alpha
Centauri. Each disk consisted of 100 massless test parti-
cles on circular orbits, coplanar with the binary, spaced
evenly from 0.1 AU to half of the binary’s semimajor
axis abin (typically around 10 AU). We ran pairs of sim-
ulations, in which one contained only the inner binary
and the other included the third star, to separate out
the effect of the third star on the disks.
At each timestep, we tracked whether each particle was
still stable (orbit’s eccentricity is less than 1 and semima-
jor axis is within 20% of initial value) as well as whether
it had been removed from the system (i.e. collided with a
star or traveled beyond the 100,000 AU ejection radius)
and found that stability is a very reliable predictor of
removal: objects with orbits outside the above bounds
almost always suffered an ejection or collision before the
end of the simulation. Due to the large ejection radius
used for the simulations, the destabilization time appears
to more accurately track when changes to the system
happen than the removal time.
Based on this, we define the truncation radius as the
distance from the star which best defines an inner section
closest to completely filled and outer section closest to
completely depleted. That is, for each particle’s orbital
radius, we calculate the stable fraction inward (fin) and
outward (fout) of this point, and the truncation radius
rtr is defined as the radius at which inward stability is
maximized and outward stability minimized, i.e. where
|1− fin|+ fout is minimized. On timescales shorter than
1,000 years, particles in the outer disk oscillate between
TABLE 2
Outcomes of Simulations
Late Early
Total
Number 947 575
Survived (%) 14.4 24.3
Expanded (%) 13.3 22.6
Proxima-like (%) 4.44 5.94
Huge orbit (%) 0.634 2.64
A Ejected (%) 0.739 13.8
B Ejected (%) 0.211 8.2
C Ejected (%) 84.5 52.6
Collision (%) 0.211 0.696
Broken* (%) 1.9 16
Note. — Percentages from each simulation type which saw var-
ious types of outcomes: survived (no ejection in 109 years); ex-
panded (semimajor axis increased); Proxima-like (C’s final orbit
had an apocenter > 10, 000 AU); Huge orbit (C’s final orbit larger
than 100,000 AU and was counted as ejected, but appeared stable
at that point); had a star ejected; saw a collision between stars; or
contained output errors due to particularly fast ejection. Simula-
tions started with current masses (mA = 1.105, mB = 0.934, and
mC = 0.123 M) or all three equal to 0.123 M.
*See Section 3.1
TABLE 3
Median change in orbital parameters
Late Early
aB -0.045 -0.035
eB 0.027 0.354
iB 13.0 37.25
aC 9695.87 8852.03
eC 0.4 0.4805
iC -9.8 -4.7
Note. — Median change observed in orbital parameters of sim-
ulations which resulted in Proxima-like systems. Assuming the
binary orbital parameters changed by the amount seen in typical
early-stage interactions, the current parameters of aB = 23.7 AU
and eB = 0.5179 imply initial parameters with a similar semimajor
axis and an eccentricity of 0.16. This implies the pericenter would
have changed from approximately 19.8 AU to the current 11.4 AU.
stable and unstable, making the truncation radius not
especially meaningful until after this time, at which point
it tracks the disk shape well.
3. RESULTS AND ANALYSIS
3.1. Stellar System Simulations
The results from suites of simulations of the stars’ dy-
namical interactions can be seen in Fig. 1. The left panels
show the initial semimajor axis and eccentricity for both
B and C. On the right, the final parameters of surviving
systems are shown, along with a colored line connect-
ing the points back to their initial parameters, and thin
black dotted lines connecting B and C from the same
simulation. The shaded region indicates the orbits with
an apocenter of between 10,000 and 20,000 AU, which is
our criterion for a system to be dubbed “Proxima-like.”
Systems with an orbit this size or larger are marked on
the plot with orange rings. This population is examined
with further simulations in the next section.
The majority of systems are disrupted (small dots in
left hand panel). In most of the surviving systems, star
B’s semimajor axis decreases a small amount and the ec-
centricities of both B and C increase. The initial orbital
conditions do not appear to predict whether a system
will survive or become Proxima-like.
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Fig. 1.— Initial (left) and final (right) parameters from 947 simulations using current stellar masses (top) and 575 simulations where all
stars have masses of 0.123 M (bottom). Dots in the left panels represent initial parameters for Alpha Centauri B (red) and C (blue).
Large dots show simulations which survived, while small ones were disrupted. On the right, final parameters for surviving simulations
are marked with large dots, with lines connecting them back to their original parameters. Faint dotted lines connect the stars to their
companion from the same simulation. The shaded region shows “Proxima-like” orbits with apocenter between 10,000 and 20,000 AU, and
orange rings mark system with final orbits with this separation or larger.
Table 2 shows the types of outcomes as percentages of
the total number of simulations of each type. Comparing
the two stellar mass cases, the rate of surviving systems
and Proxima-like systems are similar for both the current
and equal mass cases, but the fates of disrupted systems
differ. In the case where all three stars had small masses,
it was far more likely for one of the central stars (A or
B) to be ejected, whereas in the other mass case, the
outer star’s smaller mass made its ejection much more
likely. In addition, an error in mercury’s output caused
by a very high kinetic/potential energy ratio occurred far
more often in equal-mass cases, indicating higher-energy
ejections. mercury does not save orbital parameters di-
rectly, but stores the value fv =
1
1+2(K/U)2 (where K
is the kinetic energy and U is the binding energy) in a
condensed format of eight 224-bit characters, from which
element can later calculate them. This allows for a pre-
cision of 2248−1 = 2.83×10−10 in fv, so for K/U ratios of
& 42, 000 it experiences underflow error and may output
fv = 0.0, despite this never being correct for a physical
system. This causes the calculations for orbital parame-
ters to return infinity, NaN, or 0. Although the internal
values remain unaffected and the integration continues
successfully, some time-series information can be lost in
cases where the ratio of the star’s kinetic to potential en-
ergies is particularly large. This only affects stars which
are being rapidly ejected, and thus is not significant for
the results of our study, which is primarily concerned
with the bound systems.
It seems that for most systems with the current stellar
masses, the inner stars’ orbit was only slightly altered; a
decreased by only a fraction of an AU in most cases, while
eccentricities and inclinations sometimes remained sim-
ilar and sometimes increased significantly. For the case
in which all three stars have small, equal masses, the
changes in orbital parameters are more pronounced, par-
ticularly in eccentricity increases. The median changes
in orbital parameters are shown in Table 3.
Typically, the triple system remains clearly hierarchi-
cal as intended, with the outer star well-separated from
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the inner system. In a few cases this assumption did not
hold, which brings the system into a regime where the
integrator used is not accurate. These systems were ig-
nored. This implies that the region of parameter space
in which the stars do not remain well separated is unex-
plored, but this appears to be an unlikely way to form
the system in question and does not significantly skew
our results.
The evolution of the system to a Proxima-like structure
generally followed one of two paths. Most commonly, the
system began in a state that quickly moved in and out
of stability as the gas cloud dispersed, then froze in at a
large stable orbit as the gas potential finally disappeared
after 440,000 years, consistent with the scenario in which
interactions occur early on; an example system is shown
in Fig. 2. (Because of the gas cloud potential, initial
calculations of the outer binary’s eccentricity are incom-
plete, which is why the eccentricity sometimes appears
to be greater than zero initially.) Less commonly, the
system remained tightly bound but subject to significant
Kozai-Lidov oscillations or general three-body interac-
tions which pushed it into a large orbit at late times (10-
100 Myr). We also observe slow (≈ 1 Gyr) Kozai-Lidov
oscillations between the eccentricities and inclinations of
the inner binary and outer star, causing a gradual oscil-
lation in their pericenters, which may be significant for
disk and planet stability.
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Fig. 2.— The evolution of a representative triple star system.
Inner binary system parameters are shown in red, while the outer
star’s orbital parameters relative to the inner binary’s center of
mass is shown in blue. Top: Points indicate semimajor axis over
time, with shading extending from pericenter to apocenter. For the
outer star, due to the gas potential the calculated orbit sometimes
appears unbound, in which case the area from the pericenter up
is shown in gray. Middle: System inclinations relative to the
binary’s initial inclination, and their difference (black). Bottom:
Eccentricities.
3.2. Disk Simulations
We performed simulations of coplanar test particle
disks around Alpha Centauri A and B, in pairs of simula-
TABLE 4
Truncation radius model coefficients
Subset a b R2
A 1.14 0.192 0.9926
B 1.21 0.145 0.9862
Both 1.17 0.168 0.9839
Note. — Coefficients for a power law model predicting disk
truncation radius rtr as a function of minimum binary pericenter
pmin, of the form rtr = b × (pmin)a. The leftmost column indi-
cates which subset of the data the model was fit to: disks centered
around Alpha Centauri A or B, or both sets combined. The fits are
shown in Fig. 5. The score column shows the model’s coefficient of
determination.
tions using the same initial conditions in all ways except
that one included Proxima Centauri while the other did
not. These simulations indicate the region of stability
around each star in which protoplanetary disk material
can remain throughout the star’s lifetime, allowing for
later planet formation. The initial conditions for these
systems were copied from the simulations that produced
Proxima-like systems in the previous section. Due to
the extremely sensitive, chaotic nature of dynamics and
the finite precision of floating point number computation,
sometimes the simulations resulted in different final or-
bits from the original version. Therefore, the following
analysis will make a distinction between when all simu-
lations are being discussed, or only those which resulted
in Proxima-like final configurations.
Generally, we find that the disk particles are truncated
at some distance from the star, which we call the trun-
cation radius rtr. The edge is clean, in that almost all
particles’ orbits within this radius remain stable, while
almost all particles beyond this point are removed from
the simulation through ejection or collision with a star.
The behavior of disks around the two stars in the bi-
nary is very similar, with a slightly larger disk remaining
around the slightly larger primary star (companion mass
ratio = 0.85). Typically, in simulations without the third
star, the outer portion of the disk was destabilized within
about 10,000 years, while disk material within a certain
truncation radius (rtr) remained stable for the 10 Myr
duration of the simulations. The presence of the third
star induced additional truncation of one or two AU at
around 100,000 years, as the binary’s pericenter shrinks
(see Fig. 4).
Although previous literature commonly discusses disk
extent as a fraction of the binary’s semimajor axis,
we find the minimum pericenter pmin (the smallest ob-
served pericenter over the course of the simulation, or
min(a(1 − e)) where a and e are the binary’s instanta-
neous semimajor axis and eccentricity), to be the most
relevant parameter and will primarily discuss the disk
extent in relation to it. The binary’s closest approach,
while probably an even better predictor, cannot be reli-
ably measured because the orbital parameters are output
at a finite number of timesteps which often miss the clos-
est approach. In most cases, minimum pericenter closely
tracks closest approach, but because it is based on in-
stantaneous parameters, it sometimes gives odd results
in quickly-evolving systems (see the discussion of outliers
below).
Ultimately, the binary’s minimum pericenter over the
course of the simulation is the best predictor we have of
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Fig. 3.— (a) Minimum binary pericenter vs. final pericenter for
each disk simulation. The legend indicates the simulation group,
where “B2” indicates two-star simulations with a disk centered
on star B, “B3” indicates a similar three-star system, etc. (b)
Histogram of the inner binary’s minimum pericenter in simulations
which did (green) and did not (blue) produce Proxima-like systems,
as a fraction of the final pericenter.
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Fig. 5.— Truncation radius vs. minimum pericenter. As in Fig. 3,
“A2” indicates a two-star simulation with a disk centered on star A,
etc. Red points show disk simulations centered on Alpha Centauri
A, while blue are B. Circles show simulations including only the
inner binary stars, while triangles contain Proxima as well. The
lines show power-law fits to the points of the same color. Outlier
points identified in Fig. 6 were excluded from this plot and the fits.
Large points indicate simulations which resulted in a Proxima-like
orbit. The coefficients of the fits are shown in Table 4.
the final disk truncation radius, with a Pearson correla-
tion coefficient R = 0.95. Exclusion of the seven out-
lier points, discussed more below, improves this correla-
tion to 0.987. Of the directly observable system proper-
ties, final binary pericenter pf (instantaneous pericenter
at the end of the simulation) is also a good predictor
(R = 0.91), as the final and minimum pericenters are
themselves strongly correlated (R = 0.90).
The distributions in these simulations are non-
Gaussian, so rather than using the mean and stan-
dard deviation to characterize ranges of values, we use
the more robust median and median absolute deviation
(MAD). The median radius at which the disk was trun-
cated in simulations with the Alpha Centauri binary
alone, in units of the minimum binary pericenter pmin,
was 0.281pmin ± 0.014 for disks around Alpha Centauri
A, and 0.267pmin ± 0.016 for B. The minimum pericen-
ter in simulations with a third star was a median of
18.3%± 26.5% smaller than binary simulations with the
same initial orbits, resulting in a corresponding reduction
in disk radius. The outcomes for rtr in triple systems cov-
ered the full possible range, from disks the same size as
the binary-only simulation, to 100% loss of disk material.
The relationship between minimum and final pericenter
is shown in Fig. 3a and the distribution in Fig. 3b. The
fractional truncation radius in triple systems is similar
to the binary case, but slightly smaller and with a larger
spread: 0.274pmin±0.030 and 0.264pmin±0.027 for disks
around Alpha Centauri A and B respectively.
The main trend between truncation radius and min-
imum pericenter can be fit very well with a power law
using an exponent slightly above 1, as shown in Fig. 5.
Coefficients for a power law model fit to disks centered
on Alpha Centauri A or B, and on the combined dataset,
are shown in Table 4. There were 150 simulations around
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Fig. 6.— (a) Truncation radius vs. minimum pericenter. The
red points are considered part of the main trend, while the blue
points are outliers. The black line shows the fit to all disk simu-
lations (“Both” in Table 4). (b) The above data with truncation
radius as a fraction of the minimum pericenter. The dotted lines
show the boundaries used to exclude outliers. Two more outlying
points, with pericenters close to zero and truncation radii many
times larger, lie far off the vertical scale, and another two are un-
plottable because their pmin values round to zero.
Alpha Centauri B and only 74 around A due to logisti-
cal limits on computation time and greater observational
interest in B, so in the combined fit the A samples were
weighted proportionally higher. A similar trend is seen
around each star, with slightly larger disks remaining
around the more massive one, as is expected.
This is consistent with previous studies by Holman &
Wiegert (1999), which examined stability in coplanar bi-
nary disks for varying eccentricities. According to their
Table 4, they found “critical semimajor axes” (equivalent
to our “truncation radius”) of 2.79 and 2.54 AU around
Alpha Centauri A and B, respectively. Our estimates of
3.0 and 2.7 AU for the current pericenter of 11.2 AU are
roughly similar, though somewhat higher; the differences
are likely due to their assumption that the truncation ra-
dius as a fraction of semimajor axis does not vary with
semimajor axis, where in our model it does, and possibly
also due to the different integrators used.
Although the power law model fits the data very well
in the studied parameter range, because the exponent is
larger than one, the predicted disk radius as a fraction
of the pericenter can become arbitrarily large as the bi-
nary orbit grows in size, and could eventually surpass the
binary orbit itself, which is clearly unphysical. There-
fore, we expect the relationship must become linear or
otherwise change at large separations; further study is
needed before extrapolating to larger binary orbits. Ad-
ditionally, the model coefficients’ apparent dependence
on mass should be studied at more stellar masses and
mass ratios.
All but nine of the 224 stable disk simulations have a
rtr/pmin value lying between 0.05 and 0.4. These outly-
ing points are identified in blue in Fig. 6a and b. Seven
points appear to be outliers from the main trend, and
are omitted based on the cuts shown in the dotted lines
of Fig. 6b, which were chosen by eye. The five systems
lying above this limit do so because their binary peri-
centers drop to nearly zero for a very brief time (less
than an orbit) while the gas cloud is dispersing, and the
stars do not actually pass this close to each other be-
fore continuing to be perturbed into another orbit, so
the disk is not significantly perturbed. Two points also
lie below the trend, with truncation radii of 0.1 AU but
minimum pericenters of several AU; these disks contain
gaps at small radii that confuse the disk fitting algo-
rithm. The other two blue points lie close to the origin,
and are likely a continuation of the downward curve seen
for small-pericenter systems. However, because their rtr
values round to zero, they are excluded along with the
outliers because they must be omitted from the fitting al-
gorithm, which requires taking log10 of all rtr and pmin
values. These nine simulations represent 4% of the three-
star systems. When discussing the overall trend of disk
survival these special cases are omitted. However, they
are possible, though rare, outcomes of multistellar sys-
tems, and readers should remain aware that exceptions
to the general trend exist.
The minimum binary pericenter is the most important
factor in determining the amount of disk material avail-
able for planet formation. When we observe a stellar
system, we can only observe the pericenter it has now,
without knowing how much smaller it might have been
in the past and thus how much additional truncation
may have occurred. However, most systems had mini-
mum pericenters which were similar to or only slightly
smaller than their final pericenters – the median mini-
mum pericenter was 0.932 times the final pericenter. For
the Alpha Centauri binary, with a current pericenter of
11.4 AU, this means we could expect the minimum peri-
center the system has experienced to be around 10.6 AU.
In our model for truncation radius as a function of peri-
center, these values would imply disk truncation radii of
2.8 and 2.5 AU, respectively. Obviously, the possible val-
ues for minimum pericenter and truncation radius extend
down to zero, and properties from the past are no longer
observable. Our goal is to find the most probable values.
The final truncation radius for the disk is closely cor-
related with the pericenter of the inner binary, and since
the change in semimajor axis is generally small, the de-
gree of truncation is primarily a tracer for the amount
by which the third star increases the eccentricity of the
inner binary. Systems in which the binary’s size was
considerably reduced necessarily had smaller disks, but
those with larger semi major axes could have disks that
are either large or small, depending on their eccentricity.
For systems which end up similar to Proxima Centauri,
the precise parameters of the outer star were not predic-
tive of any other simulation parameters, including inner
binary orbit or disk stability. The two systems with par-
ticularly large aC did see less truncation, but there was
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no statistically significant correlation. It appears Prox-
ima does not directly interact with the stability of disks
in the system, but rather induces changes in the binary,
which acts as an intermediary.
The above numbers assume the more likely situation,
in which triple-system interactions take place early in
the stars’ lifetimes (that is, when all three stars are still
small). This means that Proxima’s influence on the bi-
nary stars is larger compared to late-stage interactions in
which they have accreted more mass. In this less physi-
cally plausible case, the inner binary’s orbit changes by a
relatively small amount; the median pericenter reduction
from the two- to three-star case was 3.7%± 4.9%.
3.3. Implications for Planet formation
The effects of any potential past interactions between
Alpha and Proxima Centauri will have resulted in the
orbital parameters we see today. The most likely inter-
action based on our simulations was an increase in ec-
centricity in the binary, resulting in a smaller pericenter
and removal of an outer portion of the protoplanetary
disk. This means that at one time there likely was more
material in the disk, but it would have been removed well
before the epoch of planet formation. The only clear sig-
nature we predict would be a slightly smaller disk than
if the binary had formed in isolation. Assuming disks
of these sizes, we consider expected planet formation in
each case, first through an analytic method, then with
N-body simulations of planet formation.
3.3.1. Planet formation: Jang-Condell Model
Jang-Condell (2015) proposes an analytic method to
predict the ease of planet formation in binary star sys-
tems based on the amount of disk material remain-
ing, with additional background found in Jang-Condell
(2007); Jang-Condell et al. (2008). The system is based
on the number of simulations (out of a set of 18 total) re-
taining sufficient mass to form giant planets via the disk
instability or core accretion methods (NDI and NCA).
An equation is then fit to the cases explicitly simulated,
which allows one to predict how many simulations would
allow planet formation based on the masses (µ and M∗)
and orbital parameters (a and e) of the system. This
equation is reproduced here:
N =
∑
i,j,k,l
cijkl
( a
1AU
)i
ejµk
(M∗
M
)l
(5)
where the values of cijkl are found in Table 3 of Jang-
Condell (2015).
For Alpha Centauri, out of 18 simulations with a va-
riety of disk parameters, three retained enough dust to
form a solid giant planet core (i.e. NCA = 3), compared
with seven or higher for systems with confirmed planets.
This puts the Alpha Centauri binary at the lower edge
of the parameter space which allows for planet forma-
tion. Inferring the most likely initial parameters for Al-
pha Centauri by subtracting the median change in a and
e in our simulations from its current parameters (giving
a0 = 23.5 AU, e0 = 0.16) gives an analytic NCA esti-
mate of 11.2 based on Eqn. 1, implying giant planets
would form easily in the pre-truncation disk; however,
truncation occurs at approximately 100,000 years, sig-
nificantly before core accretion is believed to occur. The
pre-truncation disk instability parameter NDI remains
unfeasibly low at 1.89.
For the sake of estimating the likelihood of terrestrial
planet formation, we follow the method of Jang-Condell
(2015) in calculating the total dust mass likely to remain
in the extent of the stable disks. Using the Minimum
Mass Solar Nebula (MMSN) (Hayashi 1981) as a point
of comparison, we assume a power law density profile
Σ(r) = Σ0
( r
r0
)−α
(6)
where Σ(r) is the surface density at r, the distance
from the central star; α is some exponent determining
the slope; Σ0 is a density normalization parameter; and
r0 = 1 AU. We can find the total disk mass Mtot for
a given set of disk parameters (surface density normal-
ization σ0, exponent α, and ice line rice) by integrating
from the inner disk edge ri to the truncation radius rtr.
Mtot =
∫ rtr
ri
Σ(r)2pirdr (7)
For α = 3/2 and constant Σ0, this simplifies to
Mtot(rtr) = 4piΣ0r0
3/2(r
1/2
tr − r1/2i ) (8)
while for α = 1 it comes to
Mtot(rtr) = 2piΣ0r0(rtr − ri). (9)
The disk density changes significantly at the system’s
ice line, rice, and each section must be integrated sep-
arately. Water inside this distance is photo-evaporated,
while further out it remains frozen and contributes to
the solid mass of the disk. The Hayashi values for Σ0
inside and outside of the ice line are 7.1 and 30 g/cm2
respectively.
The physical parameters of protoplanetary disks are
still uncertain, so we consider a range of plausible values
in four different parameters: rtr, α, σ0, and rice. The
values of rtr represent disks formed in systems with and
without three-star interactions, as described in the pre-
vious section. The potential range of disk densities is
not yet well understood, so we multiply the density nor-
malization Σ0 by a scale factor σ0 between 0.3 and 3,
scaling the total density relative to the MMSN. Canoni-
cally, α = 3/2 and ri = 0.35 AU. Although the 3/2 slope
value is favored in theoretical disk calculations, obser-
vations tend to favor α = 1; we use both values here.
For α = 1 cases, we scale the density Σ0 such that the
total mass in disks out to 36 AU would be equal. The
location of the ice line is not precisely determined, and
so we use a range of values (2.5, 2.7, and 3.0 AU) that
encompass commonly used Solar values. Alpha Centauri
B is slightly smaller and cooler than the Sun, while A is
slightly larger and hotter, so we assume that the variation
in ice line location with stellar mass is small compared
to the uncertainty in location we have already included.
Additionally, we assume that the stars’ separation is suf-
ficiently large that they do not strongly affect each oth-
ers’ ice line locations.
Using these values, we calculate the total dust mass
of the disk that will remain stable after interactions re-
move the outer mass. The values are shown in Table 5.
The total dust mass values range from less than 0.1 to
10 Worth & Sigurdsson
TABLE 5
Total Dust Mass in Truncated Disks (M⊕)
rtr 2.5 2.8 AU
α
σ0
rice 2.5 2.7 3.0 2.5 2.7 3.0 AU
0.3 0.39 0.37 0.37 0.56 0.45 0.41
1 1 1.17 1.11 1.11 1.67 1.34 1.23
3 3.52 3.33 3.33 5.00 4.02 3.68
0.3 1.16 1.12 1.12 1.49 1.27 1.20
3/2 1 3.49 3.35 3.35 4.48 3.81 3.59
3 10.46 10.05 10.05 13.45 11.44 10.76
Note. — Mass of solids in disk, given various combinations of the disk properties α, σ0, rice, and rtr. The disk mass can range from
less than one to more than 10 M⊕ (compare to the mass of Neptune, 17.1 M⊕), implying that the presence or absence of terrestrial planets
depends heavily on the parameters of protoplanetary disks. Note that for rtr = 2.5 AU, changing the ice line from 2.7 to 3.0 AU has no
effect, and the values for rice = 2.5 AU differ slightly only because of rounding errors.
more than 10 M⊕. Assuming canonical physical prop-
erties and efficient accretion, we expect Alpha Centauri
B to have formed several terrestrial planets within a few
AU, indicating a significant probability for planets in the
habitable zone. The density normalization σ0 is the most
significant parameter for determining the likelihood of
planet formation,, followed by the slope α. The other
parameters (rtr and rice) have relatively minor effects.
3.3.2. Planet formation: Planetesimal Disk Simulations
We performed simple planet formation simulations to
estimate the types and locations of planets that could
exist in the Alpha Centauri system, similar to those in
Quintana et al. (2002) etc. We begin from the plan-
etesimal stage and simulate collisional accretion for 100
Myrs, until a stable population results. Extensive studies
of planet formation in the modern Alpha Centauri sys-
tem and other binaries have been done (e.g. see Quin-
tana et al. (2007)), and our goal here is not to super-
sede or recreate them, but rather to test the strength
of the influence of uncertainty in the initial disk model’s
physical parameters in comparison with small differences
in truncation radius. Collisional modeling has also ad-
vanced significantly, e.g. Leinhardt & Stewart (2012),
but such models are computationally expensive and in-
troduce many new parameters, and as such are beyond
the scope of this study, though would be appropriate for
follow up studies. We focus in this section on planets
around Alpha Centauri B as it has been the focus of
more planet detection activity, but the above disk simu-
lations show the environment around Alpha Centauri A
to be qualitatively similar.
TABLE 6
Mean number of planets per simulation
All HZ
σ0
α
1 3/2 1 3/2
3 3.2 3.5 1.5 0.8
1 1.2 4.2 0.5 1.3
0.3 0.0 0.8 0.0 0.0
Note. — The number per simulation of final objects with mass
at least 3 MMars, averaged over simulations with each given set of
parameters. Left two columns show the number per system, while
the right two show number in the habitable zone per system.
The initial configuration is a planetesimal disk around
Alpha Centauri B with half the mass in Moon-sized ob-
jects and the other half in Mars-sized objects. All plan-
etesimals initially have zero eccentricity and inclination,
and are spaced such that the density of the disk follows
Eqn. 6 out to some truncation radius rtr. Alpha Cen-
tauri A orbits the system at its current distance and ec-
centricity. This configuration represents the system after
it has interacted with Proxima Centauri – the stars have
attained their current orbital configuration and the trun-
cated disk has evolved into planetesimals and planetary
embryos. Proxima is by this point too distant to have a
noticeable effect and is therefore omitted.
We vary three parameters to compare their relative sig-
nificance to planet formation: α takes the values 1 or 3/2;
Σ0 is multiplied by either 3, 1, or 0.3; and rtr values of
2.5, 2.8, and 3.1 AU were tested. The first two rtr values
are those predicted for the Alpha Centauri system with
and without Proxima interactions in Section 3.2, above.
The set of simulations using the third value, rtr = 3.1
AU, was created based on preliminary calculations, but
is included because it further reinforces the truncation
radius relationship found in the disk simulations above:
a significantly higher fraction of the disk mass was ejected
from disks containing material beyond the expected outer
radius, leaving systems otherwise broadly similar to those
of the rtr = 2.8 AU set. For each combination of param-
eters, two simulations were run, all of which can be seen
in Figs. 7–9.
We are using the arbitrarily-chosen mass cutoff of at
least 3 MMars as the threshold to consider objects plan-
ets, to separate out unprocessed disk material; the num-
ber of planets per simulation based on this metric can
be seen in Table 6. Simulations with at least the density
of the MMSN resulted in systems of multiple terrestrial
planets, frequently including planets in the habitable
zone, while low-density simulations might form only one
object large enough to be considered a planet by our def-
inition. We defined the HZ boundaries as 0.693 to 1.241
AU, based on the conservative limits from Ravi Koppa-
rapu’s habitable zone calculator (Kopparapu et al. 2013,
2014) using Alpha Cen B’s parameters. For a planet in
this region, at closest approach, Alpha Cen A would con-
tribute no more than 5% the flux of B, which would move
the bounds of the HZ inward by a small amount. There-
fore, we use the single-star HZ as an approximation for
this study; however, for further discussion of the binary’s
influence see Forgan (2012).
The characteristics of the final system were most
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Fig. 7.— Semimajor axis and eccentricity of objects formed in the simulations with current Alpha Centauri binary orbital parameters
and rtr = 2.5 AU, representing the system after interactions with Proxima Centauri. The symbol size is proportional to the object’s radius,
and the bottom left panel shows the inner Solar System for comparison. Planets larger than 3MMars (0.32 M⊕) are plotted in black, and
smaller objects in gray. Blue shaded region indicates the traditional conservative habitable zone. Grey shaded bars along the bottom of
each plot show the original extent of the disk. The percentage by mass of the initial disk ejected or accreted onto the stars during planet
formation is given on the top right. Each plot is labeled with the disk parameters in the top left, where the disk density scales with σ0,
and α = 1.5 is the power law slope. α = 1.5 and σ0 = 1 is the Minimum Mass Solar Nebula.
strongly dependent on the disk model parameters, par-
ticularly density. The small difference in truncation ra-
dius is unimportant in comparison. In systems with 0.3
times the MMSN, the debris remained in many small ob-
jects, and all of the final bodies were smaller than one
M⊕. Systems with 1 or 3 MMSN formed several Earth or
super-Earth sized planets, but in fewer numbers. Little
disk material survives beyond the ice line, so the planets
may be lower in volatiles and will likely resemble terres-
trial planets rather than mini-Neptunes. However, the
water fraction for a planet like the Earth is quite low
compared to that of material beyond the ice line, so we
do not consider this a barrier to habitability.
3.4. Planets around Proxima
Although we did not explicitly perform simulations
of disks or planet formation around Proxima Centauri,
we can make some predictions in this regime. Prox-
ima’s closest approach during its interaction with the
binary ranges from several hundred AU to within the bi-
nary’s orbit, though it tends to be on the larger end. If
we assume that the trend in disk truncation relative to
minimum pericenter continues linearly at larger separa-
tions with rtr ≈ 0.3pmin, then in the typical case where
Proxima remained several hundred AU from Alpha Cen-
tauri, it could retain disk material within several tens
of AU, sufficient to form planetary systems though pos-
sibly tending towards somewhat smaller planets than it
would otherwise have. If, however, the star made a close
pass of the inner binary, it likely would have lost most or
all of its disk material. If future observations are able to
rule out planetary companions to Proxima Centauri, this
may be an indicator of past close interactions within the
triple star system. Detection of planets could be used to
put a lower limit on close approach, in degeneracy with
outward migration.
4. CONCLUSIONS
In a large suite of N-body simulations, we recreate pos-
sible pathways to the formation of the Alpha Centauri-
Proxima Centauri system according to the method de-
scribed in Reipurth & Mikkola (2012), and explore the
effects this would have on planet formation around the
individual stars. In typical scenarios, assuming a debris
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Fig. 8.— Same as Fig. 7 but for rtr = 2.8 AU, representing the system assuming no interaction with other stars.
disk at least as dense as the Minimum Mass Solar Neb-
ula, we expect several terrestrial planets to form within
a few AU of the central star, with a high probability of
a planet in the habitable zone.
We find it is plausible that Proxima formed at a dis-
tance of a few hundred AU from Alpha Centauri and
was thrown out to the current (presumed) orbit at tens of
thousands of AU while the stars were still accreting mass.
In the process, it most likely caused the Alpha Centauri
binary to see a decrease in semi major axis and increase
in eccentricity, reducing the pericenter. This would cause
truncation of the outer protoplanetary disk to a radius
that scales with the binary’s pericenter. Binaries which
have undergone this type of three-body interaction in the
past may have gone through a phase with a tighter or-
bit than it is now; the minimum pericenter could take
any value up to the present one, but is typically no more
than 20% smaller). This additional truncation strips ad-
ditional outer material from the disk, but in most simu-
lations, enough material remains to form systems of ter-
restrial planets. Although the process of planetesimal
formation, especially in binaries, is not yet fully under-
stood, we make the assumption that the system was able
to form planetesimals and planetary embryos, and then
examine how planet formation would proceed from that
point.
In our simulations of the Alpha Centauri system, the
disk was typically truncated to near the ice line, likely
preventing formation of gas giants and even Neptunes
or mini-Neptunes. See Chiang & Laughlin (2013), Ray-
mond & Cossou (2014), and Chatterjee & Tan (2014) for
discussions of in situ versus migration formation path-
ways of close-in mini-Neptunes. Unless the initial disk
had a much higher density than expected, high mass,
close-in planets such as some found by Kepler (Fabrycky
et al. 2014) are not expected here, with neither an outer
region to form planets that migrate in, nor an outer well
of material to feed an inner region while planets form in
situ.
In addition, these interactions do not necessarily rule
out the possibility of planets around Proxima, although
an absence of planets may indicate a past close encounter
and serve as a confirmation of triple system interactions
involving a close pass.
Finally, we predict that if Proxima is orbiting at high
inclinations, it may be inducing Kozai-Lidov oscillations
in Alpha Centauri which will change its eccentricity on
a Gyr timescale. It is uncertain whether this would in-
crease or decrease the pericenter from the present value,
but it most likely will not decrease it further than the
minimum pericenter it has experienced previously, and
so should not cause significant disturbance beyond the
previous truncation. If, however, the outer star is per-
turbed enough by external forces such as passing stars,
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Fig. 9.— Same as Fig. 9 but for rtr = 3.1 AU. The similarity to Fig. 8 in planets formed and the higher ejection rates confirm that
material placed beyond the truncation radius of 2.77 AU is quickly removed.
it could end up on a new orbit, essentially randomizing
the system.
Overall, significant uncertainties remain, but our simu-
lations indicate that, despite the possibility of a turbulent
past, Alpha Centauri B and its companions are still likely
terrestrial planet hosts. Missions capable of detecting or
conclusively ruling out such planets would yield great
insights into the formation of planets within multistel-
lar environments. Any planets found would provide tar-
gets for detailed characterization, while a non-detection
would be a good indicator of the system having under-
gone disruptive stellar interactions, which helps constrain
the fitness of multistellar systems as planet hosts. There-
fore, we look forward to results from current and future
searches of this system.
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